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Abstract : Biomass is a sustainable alternative resource for production of liquid fuels and organic compounds that are currently
produced from fossil fuels including petroleum, natural gas, and coal. Because the use of fossil fuels can increase the production
of greenhouse gases, the use of carbon-neutral biomass can contribute to the reduction of global warming. Although biological
and chemical processes have been proposed to produce petroleum-replacing chemicals and fuels from biomass feedstocks, it is
difficult to replace completely fossil fuels because of the high oxygen content of biomass. Production of petroleum-like fuels and
chemicals from biomass requires the removal of oxygen atoms or conversion of the oxygen functionalities present in biomass
derivatives, which can be achieved by catalytic hydrodeoxygenation. Hydrodeoxygenation has been used to convert raw
biomass-derived materials, such as biomass pyrolysis oils and lignocellulose-derived chemicals and lipids, into deoxygenated
fuels and chemicals. Multifunctional catalysts composed of noble metals and transition metals supported on high surface area metal
oxides and carbons, usually selected as supports of heterogeneous catalysts, have been used as efficient hydrodeoxygenation
catalysts. In this review, the catalysts proposed in the literature are surveyed and hydrodeoxygenation reaction systems using
these catalysts are discussed. Based on the hydrodeoxygenation methods reported in the literature, an insight for feasible
hydrodeoxygenation process development is also presented.
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Figure 1. CIISH AZ0A HOX|[= SREAA HIS MM

4= [7,8,18,19].

A, A el A ol s A= olof sk AejEl e
ol &%t whe] A7 = ¥g o1 YHE ALY Bast ot

2. CtYSH HIO| A M=o|

HEALA HIS

wolomls URe] AL WL T T V142
ARA AW S Uk W YRE T2 BLA vo] oA
o] P& 2U[4,6-8], HEA Hio| U A HES| U] H&E
% Zd= A3E HeA dE0-11], 544 HolemAE
AlSl chopet vl odAGIER, TALT 5)9) Bee) o
A[12,13], AEZA T= UAER QAN APHE= F
A SFE(3,14,15], AEA FA B AAH16,17] 501 A
L= th(Figure 1).

47 vo]leujA FES] 2P SHEAA ¥REE B9
oot GAkA BekeAE A%k 4= ity JAA Hio|ujA
FES LAY HT ST AtA 757100 Rt EQHYE 4
A o] A ¥HEO] PP A Q1 240] of YA &
3t AT ofd BEZAQl 2838t AN vk 2%
T}H7,20]. ©] AL F2 Alo|EFZ L H 2 (cycloalcohols)o] AJAI =]
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S U26-28], SHEAA BRSO 2 AbA X A B2

AATEA Co olote] AEA} whsleig AYAitot =
JTH14,15]. 34 _MES o FE(furfural)S AR (sylvan)
& o]&sto] C15 o9 SPA=E Agkd 4= Uh29-35].
E C15 o]0 SIt=E2RE AY 24318 7| FE
BASHAU36], FEEAIA WHEoR R, FBTH To=
48 7Hsd g "@okea dRE AT S Y3
AEA FAL pAERR F3 FA Sl 23 EfESYAEE
(triglyceridey= O A~H| 2 13K transesterification) ¥H-3-2 =3f B}
oloTAZ AT 4= 9 O}{37], A Er A HHAiK(fatty acid)
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3. FEELUA U S0

SEYAE U Sl T A4S Sl v AFS Aol
% 22 U 5 9ok vl orl s §of o] BL o
o] dutalel Eojsahikg Rt B ool Zuivt A8
o, Evlo] FHE o1 olof Bk SHBAL WG Foii

Saoh g ZURA 540 FHS Fo Wgo] Lolhrs

719 A7AE 9ol Abe QRS BIHO AAT 4 e A
w7k Wasieh. olefat ol fx SHAE WS S Faat

A+Q] o]7]%5-A(bifunctional) ZW|2 LA EIC].

1

G4 JhE E9i7F 2 0]7]5 (bifunctional) E+= o
7154 (multifunctional) & AT o] tpoFst o HJES
z3tstH, olF HAg 54 A& AAstes 2ol S5t
AL vHEo] AR EE 54 S92 Ru, Pd, Pt, Ni, Co
5 "W ot SHiE0] AlZ=EAK(Table 1)[3,4,6,10,11,20,
21,38-50]. ol ATEH THFe AAAE AREso] 1EARE
SR ARE=H, @4, dFuu, A7l A 2FYor 5 &
5] AR&E= ARAS0] EEEUL o]F AR A= T A
A7t opet FE AEu] ZEOZ AM-HTH6,10,11]. ILAAE
Sl A&l ER EAL Fj9] AR AFHEE7| =
HTH40]. FHGAA HHSolA 34 FWY T2 AR

= 5 Atk AA, #4 F2 9 e4% e S5 ie=
o] 223} 293 223} 7571 T Atk VISTE

A AAAE AHES SuiE FAdote] dg4A ghgol 28
Sk AHE7E gt CdlE 0] 473 4% SR gol] AR
&= Ptof] CoE F7Isto] ga= AlXsto] Bhg AHEE =o]
AH43,44], Hol=5<2l Ni o Feth P, Mo & 37}sto] Zu
HkS 8-S =o|7| % §HT}H46,47,49]. Coo] AATHEQ] Cobalt
nitrideE AM&-S17] % SFa1[21], Feoll ©AQ}t AAE X719 S
2 7t25AL0] £EAA vheS H5H | oFTH50].

Aas, Aolgs &9 Qo SHEGTZo| A==
MoS, Ad Fuj7} wol AHEE=t], 320 & 3RjtEo] &
=0} A b o] =gt FulE2 HSY HH gy duto|=
(dimethyldisulfide)?} 22 & 3}E5 W= A FAsto
oF gttH56,57]. MEHOE MoS, AYE F1i= Ni, Co 52 A
o] &5 7Iste] Fuio] 4 Fv 58S /st A
ika HHgo AMG-E & Ni, Co7l H7HETHS,56,57]. 22
Ao A= MoS, Yl 2E 550 Smjo] 3 E4ta vt
< 84S 2Eoks A7F BaEar Qo5

Rt A2 THHA EAZ AAAR ARESt AR A
HHo] 4 TAAHSY 22 Ui JAH601E S2Fste] Hio]
QuiA {f EHY FASE EE FHYA BRSE AT B
17} oy, o5 Zuj= tiA & "k3AJo] WolA vanillinO. 2
B E 4-methylguaiacolS A= Adf 28 %x7] ©hA| 9] &4t
4 Hhgo] dojua b Ak Hhgol= o]2X] Rgict.

3.2. X|X|A|

Ed A SolA Al T ARkl it AAA| d
= Y| & S} AR R BRSH] ofE:
A A7 g gita vhgoll ARGE 7] 51H{46,49] A= A]A]
Al A A 5k= AolA 25, YL 59 W] Yoi
LA Abas 7157178 AAEE AeHo® AfalehiteiolA
o] AEEHE ASEolE Sl AAA R ARgSto] FEA
2 W Aot A A7t ol HarEar QIrh40,54]. A
S A At GARE Hol=er] Q3 g B EUA
= Bhgo] E&E AR, AR Ao EA 5= AbA: HIAFE] (oxygen
vacancy) X FHO| &4 AlehE dR9| 44 AAE &
GA AR S HEsHA IPT = QUTH61]. SHfo] &
A5t o] H gt A (oxophilicity) ¥HS-Eo] ERol= A
2 YAE BEHC0E AAY ¢ U ¥ AEE AT
[53,62]. TiO,, ZrO, 5 A (reducible) &< ASkE XA A S
ARES A, Pt NigF 22 A5S B Aola42 7=
T} o 4] SMSI(strong metal support interaction) @AFo] RIS}

=% S IR FEHo] A A[A o] o3 HPEHT|= Tt
[49,61].

=% 1 RS ILRAA717] Q1% HEA] T HHA R X
A o= #HAS =o|al YA AP E 24T 5 QU=
2% (mesoporous) A A A7} AFEE]7| = $HCH16,27,63-65]. A
AA 9] 715 25 2Ech= YA Y oz, AAA Y
sleta E4S HtAA Fjo] v 54 24T & Q=T
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Table 1. =7 UA sHEMA Z04.
FEal | AA LAt W3 B3E 24
Ru Tungstate-zirconia —-o}o]o}Z(guaiacol), ZZ A AlZ 29 Ak (cyclohexane), |[4,6,11]
H}o] @ o A(lignocellulose) BEN L A4 B A
Ru TheFSF carbon ¥ =(Phenol) A TFA|, =27 ERieagaciiaal [38]
H}o] @ ulj A(lignocellulose) B3 2. Y
Ru Calcium carbonate - A-&(eugenol) T2 YA Z2 A4 [39]
(propyl cyclohexane)
Ru HZSM-5 vd 2 (vanillin) HEASZ 4t [40]
(methyl cyclohexane)
Ru TiO, Hho] Quj A AR5 Y HAATD A [41]
Rh Silica-alumina F-olo]o}Z(guaiacol) Al E2 8 AK(cyclohexane) [10]
Pt oSt zeolite Fofo]olZ(guaiacol) A2 M AK(cyclohexane) | [42]
PtCo Nitrogen-doped ordered F-olo]obZE(guaiacol), ] 1 2 Y(lignin oil) A28 k(cyclohexane), | [43]
mesoporous carbon AL ES A
Pt, PtCo Carbon 5-5}o| EZ A | & F-3H(5-hydroxymethylfuran) o g F-2(dimethylfuran) | [44]
Pd ¥-AlO;-P E g7+ H(tricaprylin), 2| 2 AK(valeric acid) EAAES A [17]
Pd Si0,, ALLO3, ZrO, | = (phenol) Al ZZ 9 Ak cyclohexane), [53]
Al (benzene)
Ni Tungstate-zirconia Cl15 A5}= Cl5 gAtAESE A [3]
Ni Nitrogen-doped v (vanillin) 4-vgLololo}= [20]
carbon black (4-Methyl guaiacol)
Ni Ce1.xNb,O, #=(phenol) Al (benzene) [45]
Ni HZSM-5 AVSHE, Hlo] QUi A HRE 0 A AL ES A [54]
Ni2P SiO, 2-H| € E g 2}sto| E 2 F2h(2-methyltetrahydorfuran), ERAFA BSR4 [46]
E 217 vfo] Qi A (lignocellulose) FE-3[ 2 Y
Ni-Fe Carbon nanotube F-olo]o}=Z(guaiacol) A|Z2 9 AK(cyclohexane) | [47]
Ni, Ni-Cu HZSM-5 Hho] Quj A HEH QY Sitaskea [48]
Ni-Mo SiO, m-3)] 2 ZF(m-creosol) E Z9(toluene) [49]
Ni-Mo Si0,-TiO, A uHehd [16]
Ni-Mo HMS-ZSM-5 n] A 25 dEs el PAtaeolea [13]
Ni-Cu ZrO, N 2F 8l A ATHS A [12]
Ni-Co ¥ -ALO; —-o}o]o}Z(guaiacol) Al ZZ2 A2 (cyclohexanol) | [22]
Ni-Mo ¥ -ALO; - ks mkekd [55]
CoNx Nitrogen-doped carbon, A2 (eugenol) 2 A Z2IAE [21]
(cobalt nitride) | HZSM-5 (7} &) (propyl cyclohexane)
Ni-Mo-S, Co-Mo-S ¥ -ALO; 2-o] & o] &(2-ethylphenol) oA ZR AL [56]
(ethylcyclohexane)
Ni-Mo-S, Co-Mo-S Carbon AUR dEged ARG A [5]
Fe ALO; o] 7= EA 4k SAATD A [50]

St 2 9] 85 QITH20,21,43,50,66]. EHO] HAH
slge w94 Arlste] A4
! AFH 0 AgEL

o] E (ungsate)9} 2 T2
o 4197] B4 23

A7) obd @7] ZuiE AXA R ARGl BEH39.67.68].

2 = Aem6,l1],
l

AR o T pS AEE
RIEFALA H}S DLX{ HAEE
BArsE7] Qs A& =34

T MSBE GG B9, L 30

FE =2 HE Al7Hcontact time)o]

J1&

b

o
= 74 50 Ql9
SAAE WS PHoE UYA
Lo g

= (space velocity)
"ed JEa Zujo] &
go] ¥ Holr, i35 Sl A=

AL ST HA YErH4-6] g
RO E 324 (batch) BH8-0] 2 o]-§EH ©]
flt ZoIth69]. A& E= 7]Z S AlF HRE
Pika ghSo] gol 28H. o
S(fixed bed) HE71E °]-&5IH



Llase= BRE =%
Trickle bed (15F) NiMo/x-AlL,0; =9 a2t [55]
1S 1k PA/C (~190 C) Hlo] QU A B0 Y AL Bl s [4]
2t} Ru/tungstate-zirconia (~350 C)
IHS2D) 12k Rw/C (~170 C) Hlo] QU A B0 Y PAbs Belea| (5]
2%} Co-Mo-S/AC (~400 C)
CSTR Molybdenum 2-ethylhexanoate 7 ZARS(vacuum residue), EAA g8l A| [70]
A 74 fr(vacuum gas oil), Ho] @i A H73 2 o] &3t
CSTR Ni-Mo/activated carbon A 25 Baled A BSR4 [71]

[4,5], CSTR ¥FS7| o83 2= QITHT071]. 44 7147F 4]
o £]7] o] trickle-bed BERS] W= AAE B} 9
[55]. 144] ¥H871 8 0] 8% Wi o] ZujES AU o
of 717t T2 Zuje} oh2 ¥k 20| W3S Saslo]
= WS Eo] EgTE R

HoIck. U 2 5 AA 48 BHE 95Ol £ ug e
A A Bt OS] e Wk BAT B4 v
48 BHOR BET % Uk B4 7122 ol sy
O 9tk o] Be ATES TiR BB AT WhEe] %

2 0|23 glov] W T ol A%
3] A 2L A4 48 B Lol A7 Jlog
A7 i o BIEE A7t Ak do] o2
F2e 46 oA AR 9 B4 AFOE ABT 4 9
9 AL FHL AL APA FRoA
42 shersk R0 IXA i B4 71e3 AF A
S0 /142 Astn HH BRsk Ak o]S PHE
HLAA TS AL 28T ohlet FHTALL WS
PPHOET LAY & UTS Fujo T, WA, AFE
A7E Sqsfof e,

o ol
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